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Observation of Spin Relaxation Anisotropy in Semiconductor Quantum Wells
N.S. Averkiev, L.E. Golub, A.S. Gurevich, V.P. Evtikhiev,
V.P. Kochereshko, A.V. Platonov, A.S. Shkolnik, and Yu.P. Efimov∗
A.F. Ioffe Physico-Technical Institute, Russian Academy of Sciences, 194021 St. Petersburg, Russia
Spin relaxation of two-dimensional electrons in asymmetrical (001) AlGaAs quantum wells are
measured by means of Hanle effect. Three different spin relaxation times for spins oriented
along [110], [11¯0] and [001] crystallographic directions are extracted demonstrating anisotropy of
D’yakonov-Perel’ spin relaxation mechanism. The relative strengths of Rashba and Dresselhaus
terms describing the spin-orbit coupling in semiconductor quantum well structures. It is shown that
the Rashba spin-orbit splitting is about four times stronger than the Dresselhaus splitting in the
studied structure.
PACS numbers: 73.21.Fg, 73.63.Hs, 72.25.Rb, 76.60.Jx
Spintronics is at present time one of the most impor-
tant areas of the semiconductor physics for both fun-
damental research and possible device applications [1].
The main problem of spintronics is creation, registra-
tion and lifetime control of carrier spin, especially in low-
dimensional systems. Therefore investigation of spin re-
laxation processes is now an actual problem of the physics
of semiconductor heterostructures.
The main mechanism of spin relaxation in GaAs based
quantum wells (QWs) is the D’yakonov-Perel’ kinetic
mechanism [2]. It is caused by lack of inversion cen-
trum i) in the bulk semiconductor of which the system
is made (bulk inversion asymmetry, or BIA), ii) in the
heterostructure (structure inversion asymmetry, or SIA)
and iii) in the chemical bonds at heterointerfaces (inter-
face inversion asymmetry, or IIA) [2, 3, 4]. SIA can be
caused by an external electric field or by deformation,
BIA and IIA depend strongly on a size of carrier confine-
ment. Therefore spin relaxation times can be controlled
by gate voltage or by special heterostructure design.
In Ref. [5], anisotropy of spin relaxation has been pre-
dicted for heterostructures grown along the axis [001]. It
has been theoretically shown that lifetimes of spin ori-
ented along the axes [110], [11¯0] and [001] are different.
In particular, changing relation between SIA and BIA
one can achieve total suppression of relaxation for spin
oriented along one of 〈110〉 axes. (IIA in (001)-grown
structures is equivalent to BIA, therefore we will use a
generalized term ‘BIA’ for both of them.) Detailed calcu-
lations [6, 7, 8] confirmed that spin relaxation anisotropy
exists in real semiconductor heterostructures. Realiza-
tion of such idea to control spin relaxation times gives
new opportunities for spintronics [9]. However experi-
mental discovery of this effect is missed so far.
In this Letter, spin relaxation anisotropy in the plane
of the QW is observed. In order to demonstrate this
effect, the structure has been grown so that SIA and
BIA are comparable in efficiency. Note that systems
where both SIA and BIA take place have been studied in
Refs. [10, 11, 12, 13] but spin relaxation times have not
been investigated in such structures.
The D’yakonov-Perel’ spin relaxation mechanism con-
sists in electron spin precession around an effective mag-
netic field which is caused by lack of inversion centrum in
the system. The corresponding Hamiltonian of spin-orbit
interaction has the form
H = h¯σ ·Ω(k), (1)
where σ is a vector of Pauli matrices andΩ is a precession
frequency dependent on the electron quasimomentum k.
The direction of the precession axisΩ is determined by
the carrier momentum k and by kind of inversion asym-
metry. SIA generates the effective field oriented perpen-
dicular to k. BIA results in the field which direction
depends on the angle between the momentum and crys-
tallographic axes. In (001) QWs both SIA and BIA pro-
duce effective magnetic fields lying in the plane of the
structure. In the coordinate system x ‖ [11¯0], y ‖ [110]
the precession frequences have the form
ΩSIA = α(ky ,−kx), ΩBIA = β(ky , kx). (2)
If only one kind of inversion asymmetry is present, e.g.
SIA, then the precession frequency is the same for all
momentum directions: |Ω| = αk, Eq.(2). As a result,
spin relaxation times do not depend on spin orientation
in the structure plane [2].
If the system has both kinds of inversion asymmetry
then the effective magnetic field is a vector sum of the
corresponding SIA and BIA terms: Ω = ΩSIA + ΩBIA.
In this case the precession frequency depends on the mo-
mentum direction of carriers [14]:
|Ω| = k
√
α2 + β2 − 2αβ cos 2θ,
where θ is an angle between k and the axis [11¯0]. The
angular dependence Ω(k) is presented in Fig. 1. Due
to anisotropy of Ω in the k-space, the spin relaxation
rate depends on the spin orientation relative to crys-
tallographic axes [5, 6]. In particular, if SIA and BIA
strengths are identical (|α| = |β|), then the effective mag-
netic field is oriented along the same axis for all direc-
tions of electron momentum. Therefore the spin oriented
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FIG. 1: Direction (arrows) and magnitude (solid line) of the
field Ω(k) in the k-space at α/β = 4.
along this direction (one of 〈110〉 axes) does not relax
at all. Two other spin components disappear with finite
rate. This means giant spin relaxation anisotropy.
Spin relaxation times are given by the following ex-
pressions [5]
1
τz
= C(α2 + β2), (3)
for spin oriented along the growth axis, and
1
τ±
= C
(α± β)2
2
(4)
for spins oriented along [11¯0] and [110] axes. Here C
is a factor determined by temperature and momentum
relaxation time independent of spin-orbit interaction pa-
rameters.
In Eqs. (2)-(4) we neglect k-cubic terms in Ω. Since
typical electron kinetic energy at liquid nitrogen temper-
ature relevant in the experiment is much less than the
energy of size quantization, the role of these terms in
spin relaxation is inessential [6, 7].
The spin relaxation times can be measured in time-
resolved or steady-state photoluminescence (PL) exper-
iments. In the present work, we used the method of
PL depolarization by transverse magnetic field (Hanle
effect). The Hanle linewidth is determined by a lifetime
of spin oriented perpendicular to the magnetic field B.
Therefore measuring PL circular polarization degree in
the geometries B ‖ [110] and B ‖ [11¯0], one can extract
the times τ+ and τ−.
The degree of circular polarization of radiation in these
two geometries has a Lorentzian form
Pcirc(B) =
Pcirc(0)
1 + (B/B±)2
.
Here the halfwidths are given by
B± =
h¯
gµB
√
τzτ±
, (5)
where g is an electron factor Lande´ in the QW plane,
and µB is the Bohr magneton. We suppose that spin
relaxation is much faster than radiation recombination:
τi ≪ τ0 (i = z,+,−; τ0 is the radiative recombination
time). In this model, under recombination of electrons
with heavy holes in the ground state, Pcirc(0) = τz/τ0.
From Eq. (4), (5) follows the expression for spin split-
tings
B+ −B−
B+ +B−
=
∣
∣∣
∣
β
α
∣
∣∣
∣ . (6)
One can see that, even for dominance of one splitting
over another (e.g. |β/α| ≪ 1), spin relaxation anisotropy
can be registered experimentally because halfwidths of
the Hanle curves differ two times stronger than the spin
splittings: B+/B− ≈ 1 + 2β/α.
If one knows the g-factor and the Hanle contour
halfwidths B±, one can determine the products τzτ+ and
τzτ−. For the D’yakonov-Perel’ mechanism, the spin re-
laxation rates obey the following relation
1
τ+
+
1
τ−
=
1
τz
- cf. Eqs. (3), (4). This allows one to determine all
three spin relaxation times from the Hanle effect mea-
surements.
In order to observe the expected effect an asymmetrical
QW was prepared. The sample was grown by molecular
beam epitaxy method on a semi-insulating GaAs sub-
strate along the [100] direction and contained a 200 nm
Al0.28Ga0.72As barrier layer, a 80 A˚ GaAs QW, the other
sloping barrier grown with content of Al changing from
4 to 28 % on the length of 270 A˚, and the barrier layer
of width 200 nm. A sketch of the studied structure is
shown in the inset of Fig. 2. In order to avoid oxidation
of the structure there was grown a 3 nm GaAs cap layer.
Al concentration has been varied by change of the source
temperature. The growth temperature was 600◦ C. The
sample was nominally undoped.
For PL excitation we used a Ti:Sa laser pumped by????
an Ar-ion laser. This allowed us to realize quasi-resonant
excitation of QW states. The sample was placed into
a glass cryostat and was immersed into liquid nitrogen.
The cryostat was placed into an electromagnet creating
a dc magnetic field up to 0.75 T directed perpendicu-
lar to the excitation axis (Voigt geometry). In Fig. 2
PL spectrum of the asymmetrical QW GaAs/AlGaAs at
temperature T = 77 K is shown. The spectrum has two
lines caused by recombination of electrons with ground
states of heavy holes (hh1) and light holes (lh1). The
same figure presents an excitation spectrum of optical
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FIG. 2: PL spectrum under quasi-resonant excitation of the
AlGaAs QW and polarized PL excitation spectrum registered
at the hh1 maximum. The dashed arrow indicates energy of
excitation in the presence of magnetic field. Inset shows a
sketch of the studied structure.
orientation signal under registration in the main maxi-
mum of PL (hh1). Far from PL spectrum resonances,
the signal weakly depends on the excitation energy being
at the level of 5.5 %. At the resonance, the optical ori-
entation signal drops sharply and became negative. This
implies that the resonance is caused by recombination of
electrons with the lh1 states.
In Fig. 3 experimental Hanle curves are presented
for two orientations of a magnetic field. Open circles
and closed squares correspond to magnetic field directed
along the axes [110] and [11¯0]. One can see that opti-
cal orientation is almost totally suppressed in the field
0.3 T, however widths of two curves differ significantly.
Solid lines in Fig. 3 represent fitting of the Hanle curves
by the Lorentz function. Obtained fitting parameters B+
and B− for two orientations of the field are 0.12 T and
0.075 T. This means that Hanle linewidth anisotropy is
around 60 %.
Since Pcirc(0) ≈ 6 %, the spin relaxation times τi are
much shorter than the radiative recombination time τ0.
This allows us to use Eq. (5) in the analysis, where B± are
determined solely by the spin relaxation times. Therefore
the Hanle contour halfwidths for two field orientations
yield the spin relaxation times and the ratio α/β, i.e.
relative strengths of the Rashba and Dresselhaus split-
tings in the studied structure - cf. Eq.(6).
In the analysis we neglect anisotropy of the g-factor in
the QW plane because even if observed it does not exceed
10 % [15]. Despite of this anisotropy also originates from
-300 -150 0 150 300
0
2
4
6
P
ol
ar
iz
at
io
n 
de
gr
ee
 (%
)
Magnetic field (mT)
B || [110]
B || [110]-
FIG. 3: Hanle effect measurements for two orientations of a
magnetic field in the QW plane. Solid lines represent fitting
by the Lorentz function with the halfwidths B+ = 0.12 T and
B− = 0.075 T.
k-linear terms in the Hamiltonian (1), its magnitude is
small due to smallness of the spin splitting [16]. There-
fore it can be important only if the isotropic part of the
g-factor is close to zero. In the AlGaAs heterostructures
under study, |g| ≈ 0.35 [17], i.e. sufficiently differs from
zero, therefore its anisotropy is inessential.
Calculation by Eq. (5) with |g| = 0.35 yields
τ− = 0.8 ns, τ+ = 0.3 ns, τz = 0.2 ns,
and for the ratio of the spin splittings we get from Eq. (6)
∣
∣
∣
∣
α
β
∣
∣
∣
∣ ≈ 4 .
Note that both [110] and [11¯0] directions belong to
the same family of crystallographic axes. Therefore,
strongly speaking, one can determine either |α/β| or the
reciprocal value |β/α| from Hanle effect measurements.
However the Rashba splitting is usually larger than the
Dresselhaus splitting in [001] GaAs QWs. Therefore we
believe that the value given above corresponds namely
to |α/β|, i.e. the Rashba splitting is about four times
larger than the Dresselhaus splitting in the studied struc-
ture. This value of |α/β| agrees well with data on III-V
QWs [11, 12, 13].
To summarize, electron spin relaxation anisotropy is
observed in the [001] grown QW. The anisotropy is mea-
sured by dependence of the Hanle linewidth on magnetic
field orientation in the QW plane. It is demonstrated
4that the Rashba effect dominates the Dresselhaus effect
in the studied structure. Spin relaxation times of elec-
trons in the [001] QWs at liquid nitrogen temperature
are determined for all three spin orientations.
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